1. Introduction {#sec1}
===============

Acupuncture has been widely used for more than 2000 years in China as an integral part of traditional Chinese medicine in the treatment and prevention of diseases by stimulating specific acupoints \[[@B1]\]. Acupuncture can induce multiple biological responses through the activation of the neuronal system, and the therapeutic benefits of acupuncture treatment have been proven \[[@B2]--[@B6]\]. Among several acupuncture techniques, dry needle acupuncture is accomplished by inserting a needle into the acupoint and twisting the needle to achieve a needled sensation. In addition to dry needle stimulation, there are many ways to stimulate an acupoint, including *aquapuncture*, electroacupuncture, acupressure, and even moxibustion.

*Aquapuncture* is an acupoint stimulating technique in which a liquid agent is injected into the acupoint. *Aquapuncture* organically combines acupoint stimulation and the pharmacological effect of drugs with greater therapeutic benefit compared with either routine acupuncture or intramuscular drug injections \[[@B7]\]. Previous studies have revealed that *aquapuncture* can be used for the treatment of early postoperative inflammatory small bowel obstruction, muscle spasticity, chronic gastritis, and even lumbar intervertebral disc herniation \[[@B8]--[@B11]\]. The various substrates used for injection include bee venom, normal saline, vitamin B1, vitamin B12, botulinum toxin A, neostigmine, and medicinal herbs \[[@B8]--[@B10], [@B12]--[@B17]\]. Although *aquapuncture* has been widely applied clinically, little is known about its therapeutic mechanism of action. During the acupoint *aquapuncture* treatment, the injected liquid substrate causes local spatial configuration changes. Both the spatial configuration changes and the liquid substrate stimulate the acupoint and activate the neuronal system. Our previous studies as well as others suggest that acupuncture regulates physiological functions through activation of the neuronal system \[[@B4]--[@B6], [@B18], [@B19]\]. Moreover, the activated neuronal system has been proven to play an important role in regulating the physiological functions induced by acupuncture \[[@B6], [@B18], [@B20]\]. Therefore, we postulated that both the spatial configuration changes and the substrate stimulation in *aquapuncture* play important roles in the transmission of the acupuncture signal.

To investigate the mechanism of action for *aquapuncture*, we used Fos expression as a neuronal activity marker. Fos protein is an immediate-early gene transcription factor induced by short-term signals that alters target gene expression, causing long-term changes in the cellular phenotype \[[@B21]\]. Fos staining has been used to map activated neural cells after stimulation by various agents \[[@B22], [@B23]\]. The expression of immediate-early gene transcription factors such as Fos protein has been examined in acupuncture studies \[[@B18], [@B24]\]. At least one previous study showed that intense or prolonged stimulation increases the number of neurons expressing Fos \[[@B25]\]. Therefore, the number and location of the neurons expressing Fos protein in the spinal dorsal horn were examined to investigate the mechanism of the effect of *aquapuncture* after various liquid agents were injected into Zusanli (ST36). The liquid agents we used were bee venom, normal saline, vitamin B1, and vitamin B12, and dry needle stimulation was used as a control group. The Zusanli (ST36) acupoint, which is widely employed in the treatment of gastrointestinal diseases, has a defined anatomical location and innervation and was chosen for use in this study. Following the changes in spatial configuration and those induced by the substrates of *aquapuncture*, neurons in the dorsal horn of the spinal cord become activated and express Fos protein. The aim of this study was to elucidate the mechanism of actions of *aquapuncture* by evaluating the number and distribution of neurons expressing Fos protein.

2. Materials and Methods {#sec2}
========================

The study protocol was approved by our institution\'s Animal Care and Use Committee, and all experiments were conducted in accordance with the guidelines of animal care from the National Institutes of Health and the International Association.

2.1. Animals {#sec2.1}
------------

Adult male Sprague-Dawley rats (250--350 g) were used. The animals were housed in an environment with a 12 h light-dark cycle and free access to standard food and tap water.

2.2. *Aquapuncture* with Various Substrates {#sec2.2}
-------------------------------------------

The rats were divided into six groups and anesthetized with ketamine (1 mL/kg) injected intraperitoneally. For each substrate-treated group, the substrates---0.1 mL of 1% bee venom (*n* = 4), normal saline (*n* = 3), vitamin B1 (*n* = 7), and vitamin B12 (*n* = 4)---were injected intramuscularly into the left Zusanli (ST36), which is located on the lateral side of the stifle joint adjacent to the anterior tubercle of the tibia. A dry needle (with no substrate injected) was used in one control group; no needles were inserted into ST36 in the sham control group. The anatomical location of the ST36 acupoint is equivalent in rats and humans. For each substrate-treated group, the substrates---0.1 mL of 1% bee venom (*n* = 4), normal saline (*n* = 3), vitamin B1 (*n* = 7), and vitamin B12 (*n* = 4)---were injected intramuscularly into the left Zusanli (ST36), which is located on the lateral side of the stifle joint adjacent to the anterior tubercle of the tibia. Needles were inserted without rotation into the left ST36 of rats in the dry needle group (*n* = 3). The rats were sacrificed 2 hours after substrate injection or dry needle insertion. For sacrifice, the animals were anesthetized and perfused intracardially with 250 mL of saline followed by 1000 mL of 4% paraformaldehyde in 0.1 M phosphate buffered solution (PBS). Spinal cord segments L3--5 were removed.

2.3. Fos Immunohistochemistry and Analysis {#sec2.3}
------------------------------------------

Spinal cords were postfixed up to 4 hours in 4% paraformaldehyde and then cryoprotected in a 10, 20, and 30% sucrose solution. Serial 30 *μ*m thick transverse sections from all spinal cords were cut with a cryomicrotome. All sections containing ganglia and every five sections from other regions were collected in 0.01 M PBS. The floating sections were washed for 30 min (10 min, 3 times) and incubated with blocking solution (5% normal goat serum, 0.05% Triton X-100, 3% BSA in 0.1 M PB) for 1 hour. The sections were washed and incubated with the primary antibody (anti-FOS rabbit IgG, 1 : 2000, SANTA CRUZ) in blocking solution for 72 hours at 4°C. After incubation, the sections were rinsed and incubated for 1 hour at 25°C with secondary antibody (biotin-conjugated goat anti-rabbit IgG, 1 : 500, Jackson) in blocking solution. The sections were washed three times for 30 min and then processed with an ABC kit (Vector) using a 1 hour incubation. After rinsing, the sections were developed using the glucose-oxidase-nickel-DAB (GOD) method, mounted on gelatin-coated slides and cover slipped with mounting medium. Fos immunoreactive neurons were counted using bright-field microscopy.

3. Results {#sec3}
==========

Several different liquid substrates, including 1% bee venom, normal saline, and vitamins B1 and B12, were injected into the ST36 acupoint. A dry needle insertion was used in one control group, and a sham group was used as the negative control. Two hours later, the expression of Fos in the ipsilateral spinal dorsal horn neurons of the 3rd, 4th, and 5th lumbar segments was investigated immunohistochemically. Fos-expressing neurons were observed in rats exposed to bee venom (L3: 105.4 ± 29.4, L4: 101.1 ± 28.1, L5: 86.3 ± 8.0, sum: 292.8 ± 60.7), normal saline (L3: 40.0 ± 9.7, L4: 40.5 ± 10.0, L5: 35.6 ± 8.6, sum: 116.1 ± 28.2), vitamin B1 (L3: 29.4 ± 5.3, L4: 23.7 ± 5.2, L5: 29.4 ± 6.8, sum: 82.4 ± 16.8), vitamin B12 (L3: 41.8 ± 11.0, L4: 29.0 ± 1.6, L5: 28.8 ± 4.2, sum: 99.5 ± 15.5), and dry needle (L3: 31.6 ± 6.7, L4: 22.8 ± 4.9, L5: 24.5 ± 6.5, sum: 78.8 ± 3.8) ([Table 1](#tab1){ref-type="table"}, [Figure 1](#fig1){ref-type="fig"}). By contrast, only a few neurons expressing FOS immunoreactivity were detected in the sham control group (L3: 2.4 ± 0.5, L4: 2.0 ± 1.7, L5: 2.7 ± 2.1, sum: 7.1 ± 0.3) ([Table 1](#tab1){ref-type="table"}, Figures [1](#fig1){ref-type="fig"}, [2(F)](#fig2){ref-type="fig"}, and [2(f)](#fig2){ref-type="fig"}). The neurons from animals in the five groups expressing Fos immunoreactivity were distributed primarily in the intermedial zone of the dorsal horn of the spinal cord (Figures [2(A)](#fig2){ref-type="fig"}, [2(B)](#fig2){ref-type="fig"}, [2(C)](#fig2){ref-type="fig"}, [2(D)](#fig2){ref-type="fig"}, and [2(E)](#fig2){ref-type="fig"}). Fos-expressing neurons were observed in laminae I−V of the dorsal horn, but mainly in lamina II (Figures [2(a)](#fig2){ref-type="fig"}, [2(b)](#fig2){ref-type="fig"}, [2(c)](#fig2){ref-type="fig"}, [2(d)](#fig2){ref-type="fig"}, and [2(e)](#fig2){ref-type="fig"}), with a similar distribution pattern across all groups ([Figure 2](#fig2){ref-type="fig"}).

The various liquid substrates injected and the dry needle insertion into Zusanli (ST36) induced Fos expression in the L3, L4, and L5 segments of the spinal cord. The group injected with bee venom had more Fos-positive neurons in the dorsal horn than the other groups ([Table 1](#tab1){ref-type="table"}, [Figure 1](#fig1){ref-type="fig"}). All treated groups showed more Fos-expressing neurons than the sham control group. In addition, the Fos-positive neurons in all groups were primarily distributed in lamina II of spinal dorsal horn ([Figure 2](#fig2){ref-type="fig"}).

4. Discussion {#sec4}
=============

Fos expression has been used to detect neuronal activation in many different studies, including those examining the acupuncture pathway \[[@B6], [@B18], [@B24], [@B26]--[@B32]\]. Previous studies using acupuncture or electroacupuncture have shown that the Zusanli (ST36) acupoint is innervated by spinal cord segments L3--5 \[[@B33]\]. The neuronal innervation of the Zusanli (ST36) acupoint has been thoroughly characterized and may inform our result that the spinal dorsal horn neurons in lumbar segments L3, L4, and L5 were activated by *aquapuncture* injection into the Zusanli (ST36) acupoint. The study by Kim et al. in 2012 showed an increased expression of axonal growth-associated protein (GAP-43) and phospho-Erk1/2 in the DRG neurons of L4 and L5 after electroacupuncture stimulation of ST36. That study suggested that acupuncture stimulation generates neuronal responses in the autonomic nervous system via the activation of the somatosensory pathway \[[@B18]\]. In our study, most of the Fos-positive neurons were located in the 3rd, 4th and 5th lumbar segments following the injection of various substrates or a dry needle inserted into the ST36 acupoint. Based on these results, we suggest that *aquapuncture* stimulation may not only activate the somatosensory pathway but also induce physiological effects similar to those of other acupuncture methods.

The effects of *aquapuncture* included the acupoint stimulation as well as the pharmacological actions of the injected substrates. Normal saline has been injected into acupoints to treat chronic back pain in horses \[[@B17]\]. Injections of vitamin B12 into acupoints have been used as a simple and effective method for the treatment of facial verruca plana \[[@B14]\]. Acupoint injections with vitamin B1 also have proven effective for the treatment of urticaria \[[@B15]\]. In addition, injections of bee venom into Zusanli (ST36) can modulate methamphetamine-induced hyperactivity and hyperthermia \[[@B31]\]. The liquid agents in those studies were not specific for those maladies, suggesting that the therapeutic effect of *aquapuncture* may be mediated mainly through changes in the spatial configuration of the acupoint. The present study showed that the distribution of Fos-expressing neurons following the dry needle insertion was similar to that following the injection of liquid and was observed primarily in lamina II of the dorsal horn of the spinal cord ([Figure 2](#fig2){ref-type="fig"}). These results suggest that bee venom, normal saline, and vitamins B1 and B12 injections stimulate the acupoint and activate the same acupuncture pathway regardless of their distinct pharmacological effects.

The acupoint stimulation of *aquapuncture* includes stimulation induced by the liquid substrate itself as well as by changes in the spatial configuration of the acupoint caused by a liquid injection. In our study, the volume of each liquid injected was the same and induced similar spatial configuration changes. The injections of normal saline, vitamin B1, or vitamin B12 induced no significant differences in the number of Fos-expressing neurons. By contrast, the bee venom injection induced a greater number of Fos-expressing neurons than the other agents ([Figure 1](#fig1){ref-type="fig"}). The main ingredients in bee venom, histamine and melittin, can activate neural fibers \[[@B34]\] and spinal dorsal horn neurons. Thus, given equal injection volumes, we suggest that bee venom may have a greater effect than normal saline, vitamin B1, or vitamin B12 in stimulating the acupoint and activating the neuronal system.

It is generally accepted that the effects of *aquapuncture* are attributable to the integration of the acupoint stimulation and the pharmacological actions of substrates \[[@B7]\]. Our study showed that the different substrates for *aquapuncture* induced neuronal activation at various intensities, but that the distribution of these activated neurons was virtually the same as that for acupuncture. Our study suggests that spatial configuration changes in the acupointcombined with the neuronal activity enhancement induced by the injected substrates likely mediate the effects of *aquapuncture*.
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![The mean number of Fos expression neurons in L3--5 spinal dorsal horn between bee venom, normal saline, vitamin B1, vitamin B12 injection, and dry needle groups. Fos expression neurons of bee venom group were significantly more than normal saline, vitamins B1 and B12, dry needle, and sham control groups. There is no markedly difference between normal saline, vitamins B1 and B12, and dry needle groups. The sham control group expressed significantly lesser Fos expression neurons than the other groups. \**P* \< 0.05.](ECAM2014-627342.001){#fig1}

![Distribution of Fos expression in laminae I\~V of 3rd, 4th, and 5th lumbar spinal cord after the ST36 acupoint stimulation. (A, a) Bee venom group; (B, b) normal saline group; (C, c) vitamin B1 group; (D, d) vitamin B12 group; (E, e) dry needle insertion group; (F, f) sham control group; (scale bar: 100 um).](ECAM2014-627342.002){#fig2}

###### 

Substrates of *aquapuncture* injection and dry needle insertion into ST36 induce Fos expression in 3rd, 4th, and 5th lumbar spinal dorsal horn.

        Bee venom      Normal saline   Vitamin B1    Vitamin B12   Dry needle   Sham control
  ----- -------------- --------------- ------------- ------------- ------------ --------------
  L3    105.4 ± 29.4   40.0 ± 9.7      29.4 ± 5.3    41.8 ± 11.0   31.6 ± 6.7   2.4 ± 0.5
  L4    101.1 ± 28.1   40.5 ± 10.0     23.7 ± 5.2    29.0 ± 1.6    22.8 ± 4.9   2.0 ± 1.7
  L5    86.3 ± 8.0     35.6 ± 8.6      29.4 ± 6.8    28.8 ± 4.2    24.5 ± 6.5   2.7 ± 2.1
                                                                                
  Sum   292.8 ± 60.7   116.1 ± 28.2    82.4 ± 16.8   99.5 ± 15.5   78.8 ± 3.8   7.1 ± 0.3
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